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ABSTRACT 
This paper is a study of the Manicouagan Cryptoex-
plosion Structure in Quebec, Canada. It deals with the 
effects of shock metamorphism resulting from the passage 
of high pressure shock waves produced by the hypervelocity 
impact of a large cosmic body believed to have hit the 
area in the Triassic Period. With the use of the petro-
graphic microscope various features of shock metamorphism 
have been identified, analyzed and photographed in the 
rocks from this structure. These rocks have been class-
ified into their different levels of shock metamorphism, 
as established by Chao (1968), Stoffler (1971) and modi-
fied by Murtaugh (1976). These rocks (from unknown lo-
cations within the structure) can be geographically lo-
cated at approximate distances from the impact center 
by using temperature and pressure values that formed the 
shock features identified. 
1 
INTRODUCTION 
The Manicouagan Structure is located in Quebec, 
Canada. This structure has been referred to as a 
cryptovolcanic structure (Bucher 1936), cryptoexplosion 
structure (Dietz 1963, Bucher 1963), an astrobleme (Dietz 
1960) or impact structure (Murtaugh 1975). Additionally, 
Manicouagan is referred to by Currie (1972) as a resurgent 
caldera. Murtaugh (1975) prefers use of the term crypto-
explosion structure to describe the Manicouagan Structure. 
This term has a non-genetic and nonprejudicial meaning. 
Throughout this paper this same definition will be applied. 
The Manicouagan structure is one of the largest 
cryptoexplosion structures ever found and studied. The 
diameter of the nearly circular structure is about 65 
kilometers. Murtaugh (1975) reports the structure-form-
ing event also affected the rocks as much as 15 kilometers 
beyond the present rim. The structure has been dated 
to Paleozoic by Short and Bunch (1968),(Table A) and as 
Triassic by Murtaugh (1975). 
The Manicouagan Cryptoexplosion Structure was formed 
by the hypervelocity impact of a cosmic body, possibly a 
comet. The shock metamorphism was caused by the impact. 
A crater was excavated by the impact, with its marginal 
form controlled by excavation and slumping along regional 
fracture zones. The shape of the floor of the crater 
was modified by the rebound of the center (Murtaugh 1975), 
(Figure 1). 
According to Murtaugh (1975) the structure was formed 
at the junction of different geologic units that represent 
most of the major rock types of the Quebec Grenville 
province. The metamorphic grade of the Precambrian rocks 
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ranges from amphibolite to granulite facies. There are a 
few outcrops of unmetamorphosed igneous rocks. Precam-
brian rock types include metagabbro, charnockitic rocks, 
gray biotite-hornblende gneisses, tan gneisses and melan-
ocratic gneisses, rocks of the ~agnon ~oup (iron formation, 
marble, quartzite, paragneisses), anorthosites and meta-
morphosed and unmeta.morphosed basic and ultrabasic igneous 
rocks. Many of the rocks had been affected by more than 
one period of deformation and meta.morphism before the im-
pact. 
Fossils in outliers of Ordovician limestone indi-
cate that the area was covered by a shallow sea at the time 
of impact. The event that created the structure, produced 
a large crater, larger than the present crater. This was 
deeply eroded. Murtaugh (1975) suggests that the crater-
producing event happened after Ordovician time; evidence 
includes inclusions of Ordovician limestones in breccias 
that were formed simultaneously with the crater; as well 
as absolute ages on the igneous rocks which overlies and 
intrudes. 
Murtaugh (1975) describes three modes of origin that 
have been advocated for large cryptoexplosion structures 
that (like Manicouagan) have floors that are covered or 
partly covered, by later igneous rocks. These three modes 
of origin for these igneous rocks are: 1) endogenetic 
igneous and tectonic activity (Currie 1972, 1964) ; 2) 
hypervelocity impact of a cosmic body, with igneous rocks 
interpreted as impact melt (Dense 1971) ; and 3) hyper-
velocity impact of a cosmic body followed by impact-trig-
gered igneous activity (French 1970). 
Murtaugh analyzed and evaluated each one of these 
three possible modes of origin for the Manicouagan igneous 
rocks. He used the evidence obtained from his study of 
the structure and concluded that any or all of the mechan-
isms could have conceivably operated to cause later mag-
matic activity in a large' impact crater. He further noted 
that there would be a time lapse between the formation 
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of the crater and the initiation of igneous activity. 
Igneous rocks, in the Manicouagan Cryptoexplosion 
Structure have been dated by the K-Ar whole rock method 
at 225±3m.y. (Wanless et. al. 1969) and 210±4m.y. (Wolfe 
1971). The fission track method dated these rocks at 
208± 25m.y. (Fleischer et.al. 1969). The igneous rocks 
also have Lower Triassic paleomagnetic poles (Robertson 
1967; Larochelle and Currie 1967). Based on this evidence 
Murtaugh. concluded that the igneous rocks are a crystal-
lized impact melt, and that the crater was formed in 
Early Triassic time. 
Several factors have made study and mapping of the 
Manicouagan area rather difficult. The glacial activity 
of PleistJene and Recent times has contributed glacial 
deposits and alluvium to the structure. Furthermore, the 
Manicouagan structure is bounded by two large lakes, 
Manicouagan and Mouchalagane. Flooding within various 
parts of the structure developed due to construction of 
a dam and subsequent reservoir filling. This has sub-
merged previously exposed outcrops. The final inhibiting 
factor is minimal exposure of outcrops due to the dense 
vegetative growth in the area. 
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METHODS OF STUDY 
Shock meta.morphism is defined by French (1968) as 
" ••• all changes in rocks and minerals resulting from the 
passage of transient, high-pressure shock waves". These 
changes range from simple fracturing of rocks and min-
erals, to melting or even volatilization. The Manicou-
agan Cryptoexplosion Structure consists of rocks that 
have undergone shock meta.morphism. 
When the Manicouagan area was hit by a cosmic body 
at hypervelocity, the Manicouagan structure was formed. 
The shock waves created by this impact were disseminated 
throughout a broad area. Associated temperatures and 
pressures were most intense at the crater of impact and 
dissipated with distance from the center of the structure. 
Laboratory work has been done to establish the tem-
peratures and pressures at which certain shock features 
are created. Simple fracturing by shock meta.morphism 
occurs at the lowest temperatures and pressures. These 
are located farthest away from the center of the impact. 
By using a variety of temperatures and pressures that 
form shock features, a relative distance from the center 
of impact can be established. The pressure/temperature 
classification of shock features was established by 
Stoffler (1971), Chao (1968) and modified by Murtaugh 
(1975). This is the classification of shock metamorphic 
phenomena adopted for use in this paper (Table 1). 
Rocks of collected unknown location within the Manicou-
agan Cryptoexplosion Structure were examined in the pre-
sent study. These rocks were analyzed with the petro-
graphic microscope. Various shock features were iden-
tified in thin sections. The shock stages were defined 
5 
by characteristic shock features that had been formed 
within limited ranges of temperature and pressure. By 
using Table 1 the rocks studied were placed into their 
respective shock stages. Table 2 charts these findings. 
Photomicrographs were taken of thin sections in order 
to illustrate various shock features (see plates). 
After classifying the rocks into their various shock 
stages, they were geographically located within the Mani-
couagan Cryptoexplosion Structure. To accomplish this 
a sketch map of the structure, showing its shock zones, 
was used (Murtaugh 1975) (Figure 2). 
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CONCLUSIONS 
The rocks studied clearly follow the classification 
scheme of shock metamorphosed crystalline rocks. This 
classification was developed by Chao (1968), Stoffler 
(1971) and modified by Murtaugh (1975). The rocks studied 
were found to range from shock stage 0 to stage II. 
Figure 2, a sketch map, shows the geographical locations 
of these stages. The results of this study are shown 
by Table 2, It lists thin section nwnbers, characteristic 
features observed, corresponding shock stages and temper-
atures and pressures present during the shock metamorph-
ism. 
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SUMMARY 
Rocks of unknown location from the Manicouagan 
Cryptoexplosion Structure were studied for their shock 
features. They were then classified into shock stages 
and their temperatures and pressures of origin were 
determined from these stage classifications. A final 
step correlated the rock stages with those shown on the 
Murtaugh map (Figure 2). This permitted the rocks to be 
classified on a geographic basis. 
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TABLE A 
AFTER SHoRT A,.o But-le.I-\ 
{111<-S) 
Table: Inventory of features of Meteorite Impact Structure-
Manicouagan, Quebec 
General Characteristics: 
Crater diameter (kilometers) 
Structure studied by field and/or 
laboratory methods 
Geophysical studies: 
1) gravity 
2) seismic 
Published reports on structure are 
available 
Photomicrographs of rock thin 
sections 
Estimated age: 
Structual units strongly deformed 
Princiile lithologies 
1 granitic rocks 
2 volcanic rocks 
3) metamorphic rocks 
Associated "igneous" rocks of 
possible impact origin 
Megabreccias present (blocks l' or 
larger) 
Sintered or fused glass fragments 
Injection breccia veins 
Shatter cones 
High-temp. or high-press. phases: 
1) maskelynite 
X-ray studies of shocked materials 
Petrographic Features: 
Micro breccias 
"Pseudotachyli te" 
Recrystallization 
Fused glass (fragments or matrix) 
Disordered minerals 
61+ 
Lower Paleozoic/ 
Upper Paleozoic 
Patchy or anomalous extinction Feldspars 
Shock induced twinning 
Shock induced cleavage 
Basal deformation lamellae in quartz 
One or multiple sets of "planar 
features" in quartz 
Microfractures, not assoc. w/crystall-
ographic planes 
Kink banding 
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100 
300 
ctoo 
1000t' 
TABLE 2 
Results of Study 
SHOCK STAGE 0 
THIN SECTIONS 
M-164 
M-600 
M-608 
M-653 
SHOCK STAGE I 
THIN SECTIONS 
M-160, 161, 165 
M-609, 612, 628 
M-619 
/ 
SHOCK STAGE II 
THIN SECTIONS 
M-162, 163, 618 
M-166, 167, 168, 623 
M-627, 632, 640 
PEAK PRESSURE in KB. "- 100 
RESIDUAL SHOCK TEMP. in °C < 100 
SHOCK FEATURES 
Feldspar extensively fractured 
and show prominent cleavage 
Quartz extensively fractured 
Shattered carbonate rock 
Possible impact breccia 
Possible impact breccia-new 
cleavage developed in some 
larger grains 
P~AK PRESSURE(in KB~) 350 
RESIDUAL SHOCK TEMP. in •c < 300 
SHOCK FEATURES 
Kink bands in garnet, ferromag-
nesian minerals have developed 
kink bands, planar features in 
quartz 
Extreme brecciation, fractured 
minerals, minor oxidation of 
ferromagnesian minerals 
Kink bands in garnet, minor 
oxidation, planar features in 
feldspar 
PEAK PRESSURE( in KB.)~ 450 
RESIDUAL SHOCK TEIVIP. ( in 6C )<900 
SHOCK FEATURES 
Extensive fracturing and oxi-
dation of ferromagnesian miner-
als-feldspars extensively re-
crystallized, parts are isotropic 
Vesicular gneiss recrystallized 
to fine grained fibrous aggre-
gate-spheruli tes 
Crystals partially converted to 
glass with some oxidation 
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PLATE I 
IA- Photomicrograph of a shattered carbonate 
rock. Plane light 45X 
IB- Photomicrograph of kink bands in carbonate 
rock. Plane light 126X 
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PLATE I 
' 
IA 
I 
JB_. 
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PLATE II 
!IA- Photomicrograph of regrowth of minerals 
around a feldspar grain (large white 
grain near center). Rock has glassy 
matrix. X-nicols 45X 
IIB- Photomicrograph in plane light of frac-
tures in quartz. 126X 
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PLATE II 
I 
IIA 
I 
IIB 
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PLATE III 
IIIA- Photomicrograph with X-nicols of a 
brecciated rock. Quartz (in center) 
shows a set of planar features. 126X 
IIIB- Photomicrograph in plane light of a 
biotite grain (nearly horizontal, center) 
showing kink bands. 126X 
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PLATE III 
I 
IIIA 
I 
JIIB 
!9 
PLATE IV 
IVA- Photomicrograph (in plane light) of a 
ferromagnesian mineral showing extreme 
fracturing and partial conversion of 
the grain to glass. 45X 
IVB- Photomicrograph (X-nicols) of recrystal-
lized glass (spherulites). 45X 
20 
PLATE IV 
I 
IVA 
I 
IVB 
21 
f LATE V 
VA- Photomicrograph (in plane light) of a set 
of planar features in pyroxene (large gray 
centered grain). 126X 
VB- Photomicrograph (X-nicols) of a feldspar 
grain showing a set of planar features. 
The grain also shows alteration. 126X 
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.}>LATE V 
YA 
El.ATE VI 
VIA- Photomicrograph in plane light showing 
a set of planar features in hornblende. 
l26X 
VIB- Photomicrograph (X-nicols) showing a set 
of planar features and partial oxidation 
of a ferromagnesian mineral. Surrounding 
this is recrystallized glass (spherulites) 
45X 
- 24 
}>LATE VI 
-VIA 
VIB 
25 
ELATE VII 
YIIA- Photomicrograph (X-nicols) of a feldspar 
grain showing a set of finely spaced 
planar features (center ) to the right 
of the feldspar are two biotite grains 
also exhibiting planar features. 126X 
VIIB- Photomicrograph (X-nicols) of a ferro-
magnesian mineral (black, in center) 
that is almost totally oxidized. The 
other grains seen are partially conver-
ted to glass. 45X 
-26 
PLATE VII 
I 
VIIA 
VIIB 
2.7 
~LATE VIII 
VIIIA- Photomicro.graph of possible impact 
breccia. Feldspar grain (center) 
shows partial conversion to maske-
lyni te. X-nicols 126X 
VIIIB- Photomi,graph (X-nicols) of a rock 
that is partially converted to glass. 
45X 
28 
~LATE VIII 
I 
VIII A 
YIIIB 
29 
PLATE IX 
IXA- Photomicrograph {in plane light) of a 
garnet grain that has been extensively 
fractured. 126X 
30 
.PLATE IX 
I 
IXA 
~ 31 
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